INTRODUCTION.-Holmium vanadate has been investi-
In this paper we report (i) AC susceptibigated by otpical spectroscopic / l / and n.m.r. /2/ lity measurements and (ii) y-ray anosotropy meatechniques. It is a suitable crystalline material surements following adiabatic demagnetisation.
in which to study enhanced nuclear cooling and the ordered state of enhanced nuclear moments. The Ho 2. EXPERIMENTS.-The single crystals of HoVO,, used nuclear relaxation time is of the order seconds at in these experiments were grown by the Materials 100 mK / 3 / . which is extremely short compared to Preparation Group /5/ in this laboratory. To obrelaxation times in most other non metallic matetain a suitably large sample for susceptibility' rials. The ionic ground state is a singlet, predominately IJ~=o>, with a doublet at about 21 cm-l / I / . As a result HoV04 exhibits, at helium temperatures, a large Van-Vleck temperature independent susceptibility of 2 . 3 2~ per tesla, perpendicular B to the tetragonal c axis of the zircon structure /3,4/. This gives rise to an enhanced nuclear magnetic moment guN(I+K) where (I+K) is % 150 / 2 / .
The nuclear hamiltonian may be written, taking the crystal c axis as the z axis, 1 dilution refrigerator. The temperature of the cold finger was measured above 50 mK by a carbon resistance thermometer and at lower temperatures by a 60~oCo nuclear orientation thermometer.
The AC susceptibility was measured using a resonant circuit designed by Robinson /6/. A coil containing the cylindrical sample formed the inductor in a parallel resonant circuit. The resonant frequency is related to the susceptibility x b y u -u o = -1 Z f~~ where uo is the resonant frequency without the sample, of order 400 kHz and f is a filling factor. The circuit is stable to within I Hz, the enhanced nuclear susceptibility producing changes of up to 14 kHz.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19786357 3. EXPERIMENTAL RESULTS AND DISCUSSION.-F i r s t , t h e temperature dependence of t h e s u s c e p t i b i l i t y was measured between 1.2 K and 15 mK. Since the elect r o n i c s u s c e p t i b i l i t y of HoVO+ i s temperature independent i n t h e helium range, t h e observed l i n e a r dependence of frequency upon inverse temperature down t o 25 mK was associated with t h e enhanced nuclear s u s c e p t i b i l i t y . The s u s c e p t i b i l i t y was used a s a thermometer f o r t h e c r y s t a l i n t h e range 20<T<40 mK. S t a r t i n g from a n i n i t i a l temperature o f 35 mK, demagnetisations were made from various i n it i a l f i e l d s applied p a r a l l e l t o t h e c r y s t a l a a x i s , to zero f i n a l f i e l d . The measured residual f i e l d of t h e solenoid.was l e s s than 20 gauss. For runs with small i n i t i a l f i e l d s , the observed susceptib i l i t y was used to g i v e t h e f i n a l temperature. 
Using t h e r e l a t i o n Tf

Q
With t h e s e parameters t h e o r e t i c a l c a l c u l a t i o n s of
t h e entropy and f i n a l temperature of t h e enhanced nuclear system were made, f o r demagnetisations An a n t i f errornagnetic maximum is observed a t 4.5 _+ 0.3 mK. I n t h e f i g u r e we a l s o show t h e s u s c e p t i b i l i t y c a l c u l a t e d using P = + 25.9 MHz and a N6el temperature of 9 = 4.5 mK. The p o s i t i v e s i g n of P was determined from n u c l e a r o r i e n t a t i o n measurements. The d a t a f i t calculated curve well.
Below T we a l s o p l o t t h e c a l c u l a t e d q u a n t i t y N kxL + X//). This i s discussed below.
* To confirm t h e existence of antiferromagnet i c o r d e r we have investigated both t h e susceptib i l i t y and t h e nuclear o r i e n t a t i o n f o r a s e r i e s of demagnetisations t o f i n a l f i e l d s of up t o 720
gauss. The presence of t h e quadrupole i n t e r a c t i o n , spin-spin and exchange i n t e r a c t i o n s means t h a t t h e f i n a l temperatures reached i n t h e s e runs were only s l i g h t l y higher than t h e zero f i e l d runs. The I n zero f i e l d t h e nuclear o r i e n t a t i o n res u l t s show t h a t t h e nuclear s p i n s a r e equally d'ivided between antiferromagnetic domains d i r e c t e d along t h e a a x i s and a perpendicular a ' a x i s . Thus we exp.ect t h e zero f i e l d s u s c e p t i b i l i t y along t h e z a x i s below T,N t o be average of X// and XL a s given i n f i g u r e 1 . The agreement with experiment is good, lending support t o both t h e model and t h e temperature c a l i b r a t i o n . On increasing t h e applied f i e l d t o 60 gauss, t h e a ' a x i s domains, being t h e spin-flop configuration, predominzcte..At about 140 gauss ,the s u s c e p t i b i l i t y is l a r g e r ,than t h e maximum observed i n z e r o f i e l d . This indicat e s a r a p i d l y changing magnetisation which we i n t e r p r e t a s s p i n f l i p t r a n s i t i o n -t o t h e ferromag n e t i c phase.
A t 400 gauss t h e tail o,f t h e spin-'flip t r a n s i t i o n i s seen a t t h e lowest temperatures reached. For higher f i e l d s a l l s p i n s a r e polarised along -the f i e l d , d i r e c t i o n r e s u l t i n g i-n t h e observed reduction of s u s c e p t i b i l i t y . .
